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(57) Abstract 

A breathable film having improved processing properties and reduced cost includes a breathable lilm-fonning layer composition 
including a matrix polymer, a particulate organic filler, and a compatibilizer. The particulate organic filler is incompatible with the matrix 
polymer and lends to agglomerate when mixed with the matrix polymer alone. The compatibilizer achieves thermodynamic equilibrium 
between the mau-ix polymer and filler within a defined filler particle size range suitable for producing stretched breathable film. The film 
processes more easily than breathable films containing inorganic fillers, and is less expensive to manufacture. 
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wo 99/67095 PCT/US99/13044 
BREATHABLE FILM HAVING ORGANIC FILLER 

FIELD OF THE INVENTION 
This invention relates to a breathable film-forming composition having an 
organic filler which alleviates die build-up during the extrusion of breathable films, and 
which reduces the cost associated with inorganic fillers. More specifically, the invention is 
directed to breathable films utilizing polystyrene filler and a compatibilizer system which 
effectively compatibilizes and disperses the polystyrene filler in the polymer blend used to 
make the film. 

BACKGROUND OF THE INVENTION 
Vapor permeable, liquid impermeable polymeric films are known in the art 
One method of making a polymeric film vapor permeable, involves mixing a matrix polymer 
with a substantial quantity (e.g.. 10-70% by weight) of an organic or inorganic particulate 
filler such as, for example, calcium carbonate, and extruding a film firom the blend. The 
matrix polymer may include a polyolefm, such as polyethylene or polypropylene, or various 
olefin copolymers. The film may be a monolayer fihn, a multilayer film which contams the 
filled layer as a primary layer, or a multilayer film having more than one filled layer. 

Then, the film is heated and stretched, causing voids to form in tiie areas 
surrounding the filler particles. TTie voided film is characterized by tiiin polymer membranes 
and/or fine pore networks which permit tiie molecular diffiision of water vapor through tiie 
film, but which block the passage of liquids. In essence, a tortuous patii is created from one 
film surface to tiie otiier which permits transfer of vapors but not liquids. 

Breatiiable films are employed in backsheets, for example as a backsheet 
component laminated to a nonwoven web and/or otiier layers, in many of today's personal 
care absorbent articles. Diapers are one example. Filled, stretched polyolefin films provide 
good water vapor transmission, making the diapers more comfortable to the wearer. As a 
result, the relative humidity and temperature witiiin the diaper or otiier product can be 
reduced by using breatiiable films and laminates. Breatiiable films are also used in surgical 
gowns. Again, tiie objective is to provide good water vapor transmission and make tiie 
gowns more comfortable to the wearer. 
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Breathable films are commonly made using inorganic fillers, such as calcium 
carbonate. Inorganic fillers are relatively easy to disperse in a polyolefin matrix, for 
instance, and yield films with excellent breathability. Yet calcium carbonate and other 
inorganic fillers have a disadvantage in that the filler tends to accumulate around the lip of 
the extrusion die during manufacture of the film. To alleviate this, a center layer filled with 
calcium carbonate has been coextruded with much thinner layers which contain little or no 
filler. This approach reduces filler build-up at the die, but often results in a less breathable 
product because the unfilled skin layers, no matter how thin, are less microporous than the 
filled core layer. Inorganic fillers are also somewhat expensive, due in part to their high 
density. 

Attempts have been made to make suitable breathable fibns using organic 
fillers. Organic fillers can be less expensive to use because they generally have lower 
densities than inorganic fillers. Organic fillers may also reduce the problem of die build-up. 
However, organic fillers have a tendency to either agglomerate with each other, or disperse 
too finely in the polymeric medium upon which the fihn is based. If the organic filler is 
incompatible with the polymer used to make the film, the filler particles may agglomerate 
excessively. If the organic filler is compatible with the film-foiming polymer, the filler 
particles may disperse too finely, and may achieve thermodynamic equilibrium by dissolving 
in the film. Thus, there is a need or desire for a breathable film whose filler has the 
advantages provided by an organic filler, and which exhibits a more usefiil degree of 
dispersion. 

SUMMARY OF THE INVENTION 
The present invention is directed to a breathable film composition, and a film, 
containing an organic filler in a matrix polymer, and a compatibilizing system which 
effectively disperses the filler in the matrix polymer without causing excessive dispersion 
or dissolution. The present invention also includes a multilayer breathable film utilizing a 
conventional inorganic fihn in the core layer, and an organic fillet-in the skin layers. The 
films of the invention reduce the die build-up associated with inorganic fillers, without 
reducing breathability. The fitais of the invention also reduce the cost associated with using 
strictly inorganic fillers. 
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In accordance with the invention, a composition including a thermoplastic 
polymer, an organic filler, and a compatibilizing system is provided. The thermoplastic 
polymer may be a polyolefin. The organic filler is preferably incompatible with the 
thermoplastic polymer, thereby preventing dissolution or excessive dispersion in the polymer 
matrix. Put another way, the organic filler particles should have a tendency to agglomerate 
with each other in the polymer matrix, but for the inclusionofacompatibilizing system. The 

organic filler should also have a higher melting point than the polymer matrix. When the 
polymer matrix includes a polyolefin. the organic filler may include polystyrene beads. 

The compatibilizing system should have a tendency to prevent agglomeration 
of the organic filler in the polymer matrix, and/or a tendency to break up existing 
agglomerates of the organic filler. Yet the compatibilizing system should not break down 
the organic filler into particles which are too fine to sufficiently effect breathability during 
preparation of the breathable film. Also, the compatibilizing system should not cause 
dissolution of the organic filler in the polymer matrix. When the polymer matrix includes 
a polyolefin. and the filler includes polystyrene particles, the compatibilizing system may 
include a styrene butadiene copolymer. The styrene butadiene copolymer may be included 
in the polystyrene filler, and may be either chemically reacted to or blended with the 
polystyrene in the beads. More desirably, the styrene butadiene copolymer may be 
incorporated into the polymer matrix without forming part of the beads. 

The compatibiUzing system should be present in an amount sufficient that the 
organic filler particles are at thermodynamic equilibrium in the polymer matrix in a dispersed 
particlephasehavingameanparticlediameterofabout0.1-25microns. In other words, the 
thermodynamic equilibrium should not favor a predominance of large, agglomerated 
particles, and should not favor dissolution of the filler particles, or excessive dispersion 
which renders the partides too small to effectively promote breathability in a stretched fihn. 

The composition is melt blended and extruded into a fihn. The film may be 
a monolayer or multilayer film. The film is then stretched, monoaxially or biaxially using 
conventional techniques to yield a breathable microporous film. 

With the foregoing in mind, it is a feature and advantage of the invention to 
provide a breathable fihn-forming composition including a thermoplastic polymer matrix 
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material, an organic filler, and a compatibilizing system which establishes thermodynamic 
equilibrium between the polymer matrix material and the organic filler with the organic filler 
in an effective dispersed particulate state. 

It is also a feature and advantage of the invention to provide a breathable fibn 
constructed fi-om the breathable fihn-forming composition of the mvention. 

It is also a feature and advantage of the invention to provide a breathable 
multilayer film utilizing a conventional filler in the core layer, and utilizing the breathable 
film-forming composition of the invention in one or both skin layers. 

It is also a feature and advantage of the invention to provide a breathable 
laminate in which the breathable film of the invention is laminated to a nonwoven web. 

It is also a feature and advantage of the invention to provide a breathable 
garment, such as a breathable diaper or surgical gown, which utilizes the breathable film of 
the invention in a laminate. 

The foregoing and other features and advantages will become fiirther apparent 
from the following detailed description of the presently preferred embodiments, read in 
conjunction with the accompanying drawings. The detailed description and drawings are 
intended to be illustrative rather than limiting, the scope of the invention being defined by 
the appended claims and equivalents thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a sectional view of a single layer breathable fibn of the invention, 
utilizing organic filler particles and a compatibilizer in a stretched polymer matrix; 

Fig. 2 is a sectional view of a multilayer breathable fibn of the invention; 
Fig. 3 schematically illustrates a process for laminating a breathable film of 
the invention to a nonwoven web; and 

Figs. 4 and 5 illustrate two embodiments of laminates including a breathable 
film of the invention and a nonwoven web. 

TEST PROCEDURE 
The following procedure is described for testing of the moisture vapor 
transmission rate (MVTR) for the breathable films of the invention. The MVTR is measured 
in a manner similar to ASTM Standard Test Method for Water Vapor Transmission of 
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Materials. Designation E-96-80 as follows. For the purposes of the present invention, 3 inch 
diameter (76 nun) circular samples are cut from the test material and from a control material, 
CELGUARD* 2500 (Hoechst Celanese Corporation). CELGUARD* 2500 is a 0.0025 cm 
thick film composed of microporous polypropylene. Two or three samples are prepared for 
each material. 

The cups used for testing are cast aluminum, flanged, 2 inches deep and come 
with a mechanical seal and neoprene gasket. The cups are distributed by Thwing-Albert 
Instrument Company. Philadelphia, Pennsylvania, under the designation Vapometer cup 
#681. One hundred millimeters of distilled water is poured into each Vapometer cup, and 
each of the individual samples of the test materials and control material are placed across the 
top area of an individual cup. Screw-on flanges are tightened to form a seal along the edges 
of the cups leaving the associated test material or control material exposed to the ambient 
atmosphere over a 62 millimeter diameter circular area (an open, exposed area of about 
30 cm^). The cups are then weighed, placed on a tray, and set m a forced air oven set at 
100»F (38°C). 

The oven is a constant temperature oven with external air through it to prevent 
water vapor accumulation inside. A suitable forced air oven is. for example, a Blue M 
Power-O-Matic 60 oven distributed by Blue M Electric Co. of Blue Island. Illinois. After 
24 hours, the cups are removed from tiie oven and weighed. The preliminary test MVTR 

value is calculated as follows: 

Test MVTR = [(grams weight loss over 24 hours) x 7571] 24 
The relative humidity within tiie oven is not specifically controlled. Under predetermined 
set conditions of 100"? and ambient relative humidity, the MVTR for CELGUARD* 2500 
has been determined to be 5000 g/mV24 hours. Accordingly. CELGUARD* 2500 is run as 
a control sample with each test and tiie resulting values are corrected in accord witii the 
variation of tiie control relative to its known MVTR. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 
Referring to Fig. 1. a breathable monolayer film 10 is shown including a 
matrix 12, a plurality of voids 14 witiun tiie matrix surrounded by relatively tiiin 
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microporous membranes 13 defining tortuous paths, and one or more organic filler particles 
16 in each void 14. The film 10 is microporous as well as breathable, and the microporous 
membranes 13 between the voids readily permit molecular diffiision of water vapor from a 
first surface 18 to a second surface 20 of the film layer 10. 

The matrix 12 can include any suitable film-forming matrix polymer. 
Examples of suitable matrix polymers include without limitation polyethylene, 
polypropylene, copolymers of mainly ethylene and Cj-C.j alpha-olefins (commonly known 
as linear low density polyethylene), copolymers of mainly propylene with ethylene and/or 
C4-C,2 alpha-olefins, and flexible polyolefins including propylene-based polymers having 
both atactic and isotactic propylene groups in the main polypropylene chain. Other suitable 
matrix polymers include without limitation elastomers, for example polyurethanes, 
copolyether esters, polyamide polyether block copolymers, ethylene methyl acrylate, 
ethylene ethyl acrylate, and ethylene vinyl acetate copolymers, and combinations of the 
foregoing. Metallocene-catalyzed polyolefins are usefiil, including those described in U.S. 
Patents 5,571,619, 5,322,728, and 5,272,236, the disclosures of which are incorporated 

herein by reference. 

Polymers made using metallocene catalysts have a very narrow molecular 
weight range. Polydispersity numbers (Mw/Mn) of below 4 and even below 2 are possible 
for metallocene-produced polymers. These polymers also have a controlled short chain 
branching distribution compared to otherwise siinilar Ziegler-Natta produced type polymers. 
It is also possible using a metallocene catalyst system to control the isotacticity of the 

polymer quite closely. 

Commercial production of metallocene polymers is somewhat limited but 
growing. Such polymers are available from Exxon Chemical Company of Baytown, Texas 
under the trade name ACfflEVE® for polypropylene based polymers and EXACT* and 
EXCEED® for polyethylene based polymers. Dow Chemical Company of Midland, 
Michigan has polymers commercially available under the name ENGAGE®. These materials 
are believed to be produced using non-stereo selective metallocene catalysts. Exxon 
generally refers to their metallocene catalyst technology as "single site" catalyst while Dow 
refers to theirs as "constrained geometry" catalysts under the name INSIGHT* to distinguish 
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them from traditional Ziegler-Natta catalysts which have multiple reaction sites. Other 
manufacturers such as Fina Oil. BASF, Amoco, Hoechst and Mobil are active in this area 
and it is believed that the availability of polymers produced according to this technology will 
grow substantially in the next decade. In the practice of the instant invention, elastic 
polyolefms like polypropylene and polyethylene are preferred, most especially elastic 
polypropylene. 

The matrix polymer should constitute about 20-95% by weight of the 
breathable monolayer film 10, preferably about 30-85% by weight, most preferably about 
40-75% by weight In addition to one or more of the polymers listed sibove, the matrix may 
include a compatibilizing system as described below if the compatibilizing system is 
incorporated into the matrix, and the foregoing percentages are for the matrix polymer 
without the compatibilizing system. 

The organic filler particles 16 can include any suitable organic filler material 
which has a high enough melting or softening point to penmit the filler particles to remain 
substantially undeformed due to the heating and stretching of the film 10. If the filler 
particles liquefy and flow, or significantly deform during heating and stretching of the fihn, 
the particles may not sufficiently pull away torn the matrix polymer to allow void formation 
as needed to render the fihn 10 breathable to water vapor. Thus, the proper selection of the 
filler material will depend partly on the matrix polymer and the temperature required to 

stretch the matrix 12. 

As explained above, the filler material must also be sufficiently incompatible 
with the matrix polymer to discourage or prevent dissolution or excessive dispersion of the 
filler particles in the matrix polymer. For purposes of the invention, tiie filler particles 16 
should have a steady state mean particle diameter of about 0.1-25 microns, preferably about 
0.5-10 microns, most preferably about 0.8-3 microns. "Steady state mean particle diameter" 
means that the filler particles achieve thermodynamic equilibrium in the matrix within that 
size range. While some agglomeration, dispersion or dissolution of the particles may occur, 
especially when the matrix polymer is molten, these factors offset each other to maintain a 
mean particle diameter within the stated ranges. If the filler particles dissolve in the polymer 
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matrix, or break down and disperse to the point of becoming too small, they will not be 
effective in causing void formation during stretching of the film 10. 

The filler particles 16 may be thermoplastic or thennoset. One advantage of 
using thermoset filler particles is that they cannot dissolve or divide in the matrix polymer 
due to their internal crosslinking. The filler particles 16 may also be thermoplastic, provided 
that they do not dissolve, excessively divide and disperse, or significantly deform during 
stretching as explained above. Examples of organic filler particles that may be used include 
particles made of polystyrene, polyamides, polyvinyl alcohol, polyethylene oxide, 
polyethylene terephthalate, polybutylene terephthalate, polycarbonate, polytetrafluoroethy- 
lene, and other suitable polymers and derivatives thereof. Preferred filler particles include 
polystyrenes and high impact polystyrenes (HIP's). The filler particles 16 may also be made 
of water-swellable organic materials. 

By "water-swellable" it is meant that the particles must be capable of 
absorbing at least about 10 times their weight, preferably at least about 20 times their weight, 
most preferably at least about 30 times their weight, in distilled water. Examples of organic 
water-swellable fillers include without limitation natural and synthetic superabsorbent 
materials. Natural superabsorbent materials include guar gum, agar, pectin and the like. 
Synthetic superabsorbent materials include hydrogel polymers such as alkali metal salts of 
polyacrylic acids, polyacrylamides, polyvinyl alcohol, ethylene-maleic anhydride copoly- 
mers, polyvinyl ethers, methyl cellulose, carijoxymethyl cellulose, hydroxypropylcellulose, 
polyvinyhnorpholinone, and polymers and copolymers of vinyl sulfonic acid, polyacrylates, 
polyacrylamides, polyvinylpyrridine. and the like. Other suitable polymers include 
hydrolyzed acrylonitrile grafted starch, acrylic acid grafted starch, and isobutylene maleic 
anhydride polymers and mixtures thereof. The hydrogel polymers are preferably lightly 
crosslinked to render the materials substantially water insoluble. Crosslinking may, for 
example, be accomplished by irradiation or by covalent, ionic, van der Waals, or hydrogen 
bonding. 

The filler content and degree of stretching affect the number of voids and the 
nature of the tortuous paths between the voids. The total filler content should range firom 
about 1-70% by weight of the total composition (filler plus matrix), preferably about 5-60% 
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by weight of the total composition, most preferably about 10-40% by weight of the total 
composition. The filler may comprise a mixture of different filler particles (e.g., made from 
different materials). The filler particles may also include a compatibilizer (described below). 
If so, these percentages are for the filler without the compatibilizer. 

The film may be uniaxially or biaxially stretched. The film may be uniaxially 
stretched to about 1.1-7.0 times its original length, preferably to about 1.5-6.0 times its 
original length, most preferably to about 2.5-5.0 times its original length. The film may 
alternatively be biaxially stretched using conventional techniques familiar to persons skilled 
in the art. 

Using an organic filler which is incompatible with the matrix polymer has an 
advantage in that the filler particles 16 will not dissolve or break down to an ineffective size. 
Unfortunately, the organic filler particles in an incompatible polymer medium tend to do just 
the opposite, which is to agglomerate together into larger particles having substantiaUy larger 
sizes. The larger particles are ineffective because there is too little (as opposed to too much) 
dispersion in the matrix polymer. Large particles can cause undesirable tearing and 
pinholing of the film during stretching, destroying the liquid barrier properties of the film 10. 
In the past, this agglomeration into large particles has made it difficult to use organic filler 
particles to make breathable films. 

In accordance with the invention, a compatibilizing system is incorporated 
into the matrix 12 and blended with the matrix polymer, or is incorporated into the filler 
particles, or both. The compatibilizing system lessens the incompatibility and, to a limited 
extent, increases the compatibiUty between the matrix polymer and the organic filler particles 
16. To serve its purpose, the compatibilizing system must be of a proper type and amount 
which achieves thermodynamic equilibrium of the filler particles in a disposed state in the 
polymer matrix, and in the size ranges (noted above) which are effective for creating a 
breathable stretched film. In other words, the compatibilizing system must create a 
thermodynamic balance between agglomeration and dispersion such that the filler particles 
neither agglomerate nor disperse to an extent which places them outside of the useful size 
ranges. 



9 



wo 99/67095 



PCTAJS99/I3044 



The type and amount of compatibilizing system required to achieve this effect 
will vary widely depending on the matrix polymer, the filler polymer and amount, the 
stretching conditions and temperature, and other factors. It has been discovered that a 
particular compatibilizing system, used in a proper amount, can create the necessary 
thermodynamic equilibrium between a polyolefin-based matrix polymer and a polystyrene- 
based particulate filler. This compatibilizer system includes a copolymer, terpolymer or 
other multipolymer of styrene and one or more alpha-olefin monomers having 3-20 carbon 
atoms, preferably 3-5 carbon atoms. 

Various copolymers are effective for compatibilizing polystyrene particulate 
filler with a polyolefm matrix. Suitable copolymers include without limitation styrene- 
butadiene and styrene-ethylene butadiene diblock resins available under the trade name 
VECTOR* from Dexco Corporation. Also included are styrene-etiiylene butadiene-styrene 
triblock resins, as well as styrene-ethylene resins and styrene-ethylene propylene resins, 
available under the trade name KRATON* from Shell Chemical Co. Also included are 
styrene-styrene butadiene-butadiene-styrene butadiene-styrene tapered multiblock resins 
available under the trade name STEREON* from the Firestone Company. Derivatives of 
these and other multipolymers, including without limitation hydrogenated derivatives, are 
also usefiil in the compatibilizing system. 

The amount of the compatibilizing system present in the composition is also 
important. If the level of compatibilizer is too low, its effectiveness in reducing 
agglomeration of the polystyrene will be diminished. If the amount of compatibilizer is too 
high, it may over-compatibilize the polystyrene filler, causing excessive dispersion and 
particle breakdown. The optimum amount of the compatibilizer will depend somewhat on 
the level of filler in the film, and on the level and type of polyolefin. Table 1 summarizes 
the presently preferred levels of the matrix polymer, filler, and compatibilizer, expressed as 
percentages based on the weight of the composition used to make the monolayer fihn 10. 
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Table 1 



Component 


General 
% Range 


Preferred 
% Range 


Most Preferred 
% Range 


Matrix Polymer 


20-95 


30-85 


40-75 


Organic Filler 


1-70 


5-60 


10-50 


Compatibilizer 


MO 


3-20 


5-10 



The compatibilizer in the composition may be blended into the matrix 
polymer, or included in the filler particles, or both. For ease of manufacture, it is preferred 
to blend the compatibUizer with the matrix polymer. The matrix polymer preferably includes 
a polyolefin. Preferred polyolefins include polyethylenes, polypropylenes, copolymers of 
ethylene or propylene with a C3-C20 alpha-olefm, and blends containing any of the foregoing. 
When the matrix polymer is polyethylene, it may contain high density polyethylene, low 
density polyethylene, linear low density polyethylene, or a blend thereof. Linear low density 
polyethylene, conventional (branched) low density polyethylene, and polypropylene 
(homopolymers and copolymers) are most preferred. 

The monolayer film 10 should have a thickness which facilitates breathabiUty 
to water vapor, and which also permits structural integrity and liquid barrier. After 
stretching, the film 10 should have a thickness of about 5-50 microns, preferably about 8-30 
microns, most preferably about 10-20 microns. Prior to the orientation, the film 10 can be 
prepared using cast or blown fihn extrusion, or another suitable fihn-forming technique. By 
using the organic filler particles, the fibn 10 may be extruded as a monolayer film while 
avoiding the excessive die build-up associated with the extrusion of films containing 
inorganic fillers. 

Fig. 2 illustrates another embodiment in which a breathable fihn layer 10 
containing organic filler particles 16 in voids 14, is employed as an outer layer of a 
multilayer film 30. The multilayer film 30 includes a core layer 35 constructed fi-om an 
oriented polymer matrix 32 having voids 34 formed with the aid of inorganic void-initiating 
filler particles 36 in the voids. Suitable inorganic fillers include without limitation calcium 
carbonate, clays, silica, alumina, barium sulfate, sodium carbonate, talc, magnesium sulfate, 
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magnesium carbonate, barium carbonate, kaolin, mica, carbon, calcium oxide, magnesium 
oxide, aluminum hydroxide and combinations of these particles. The mean diameter for the 
inorganic filler particles 36 should range from about 0.1-10 microns, preferably about 0.5-7.0 
microns, most preferably about 0.8-2.0 microns. 

The organic particles 16 and/or the inorganic particles 36 in the films of the 
invention may be coated with a minor quantity (e.g., up to 2% by weight) of a fatty acid or 
other material to ease their dispersion in the polymer matrix. Suitable fatty acids include 
without limitation stearic acid, or a larger chain fatty acid such as behenic acid. 

Because the layer 35 contains inorganic filler particles, it is preferably 
surrounded by two outer layers which aid processing by alleviating filler build-up at the die 
lip. A first outer layer 22, positioned adjacent the core layer 35, is typical of a prior art 
approach. The layer 22 may include the same polymer as in the core matrix. The layer 22 
is preferably constructed of a polymer having a similar or lower melting point than the core 
matrix polymer 32, in order to facilitate heat sealability of the fihn. The outer layer 22 is 
generally free or substantially free of fiUer, in order to alleviate die contamination. Finally, 
the layer 22 should be much thinner than the layer 35. 

The thickness and composition of the outer layer 22 should be selected so as 
not to substantially impair the moisture transmission through the breathable core layer 35. 
This way, the breathable core layer 35 may determine the breathability of the entire film, and 
the outer layer 22 will not substantially reduce or block the breathability of the fihn. To this 
end, the skin layer 22 should be less than about 10 microns thick, preferably less than about 
5 microns thick, most preferably less than about 2.5 microns thick. Preferred skin layer 
polymers include ethylene vinyl acetates, propylene vinyl acetates, ethylene methyl acrylates, 
other vapor-permeable polymers, and blends of these with other polyolefins. 

In the prior art, the core layer 35 containing inorganic filler 36 would have 
been coated on both sides with layers such as layer 22, containing little or no filler. In 
accordance with the invention, one or both outer layers can instead be a breathable layer 1 0 
containing organic filler 16. The breathable outer layer 10, like the layer 22 of the prior art, 
prevents the inorganic filler in the core layer Scorn contaminating the die lip during extrusion. 
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The . breathable layer 10 has the further advantage of promoting, and not 
interfering with, the overall breathability of the film 30. Thus, the breathable outer layer can 
be made thicker. Preferably, the breathable layers 10 containing organic filler will be placed 
on both sides of the core layer 35, so as to eliminate use of a prior art substantially filler-free 
layer on both sides. When this is done, there is no practical upper limit on the thicknesses 
of the breathable layers 10 relative to the total film thickness. 

In a conventional multilayer fihn, the inorganic filler content in core layer 35 
may range from about 10-70% by weight of the layer 35, preferably about 25-65% by 
weight, most preferably about 40-60% by weight. . When the breathable layer 10 is used as 
an external layer as in Fig. 2, or as both external layers, the amount of inorganic filler 36 in 
the core layer may be the same or somewhat lower, preferably about 10-50% by weight of 
the core layer 30, most preferably about 15-30% by weight. In other words, the enhanced 
breathability resulting from the use of breathable outer layers 10 may be offset with a slightly 
reduced inorganic filler content, and slightly reduced breathability in the core layer 35. The 
matrix polymer used in the inorganic filler-containing layer 35 may be the same or different 
from that used in the organic filler-containing layer 10. The same types of matrix polymers 
are generally suitable for either layer. 

Regardless of whether the breathable organic filler-containing layer 10 is a 
monolayer fihn or a constituent of a multilayer film, the overall film should be constructed 
to fimction as a breathable microporous film. To function properly, the overall fihn should 
have a moisture vapor transmission rate (MVTR) of at least about 300 grams/m^-24 hours 
measured using the procedure described above. Preferably, the overall fihn should have an 
MVTR of at least about 1200 grams/m^-24 hours, most preferably at least 2000 grams/nf -24 
hours. 

Fig. 3 illustrates a process for forming a breathable microporous film or film 
layer. Referring to Fig. 3, fihn 10 is formed from a fihn extrusion apparatus 40 such as a cast 
or blown unit which could be in-line or off-line. Typically the apparatus 40 will include an 
extruder 41. Filled resin including the polymer matrix material, compatibilizer and filler is 
prepared in a mixer 43 and directed to extruder 41 . The film 10 is extruded into a pair of nip 
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or chill rollers 42, one of which may be patterned so as to impart an embossed pattern to the 
newly formed film 10. 

From the film extrusion apparatus 40 or off-line rolls supplied, the filled fihn 
10 is directed to a film stretching unit 44 which can be a machine direction orienter, 
commercially available fi-om vendors including the Marshall and Williams Co. of 
Providence, Rhode Island. Apparatus 44 has a plurality of pairs of stretching rollers 46, with 
each subsequent pair moving at progressively faster speed than the preceding pair. The 
rollers 46 apply an amount of stress and progressively stretch the filled fihn 10 to a stretched 
length where the film 10 becomes microporous and breathable. As shovm, the film 10 is 
stretched only in the machine direction, which is the direction of travel of the fihn 10 through 
the process in Fig. 3. 

Advantageously, the film 10 may be uniaxially stretched to about three times 
its original length, using an elevated stretch temperature of about 150-200T for most 
polyolefin-based fihns. The elevated stretch temperature can be sustained by heating some 
of the stretch rollers 46. The optimum stretch temperature varies with the type of matrix 
polymer in the film 10, and is always below the melting temperature of the matrix polymer. 

The breathable film may be laminated to one or more substrates, such as a 
nonwoven web, using conventional adhesive bonding or thermal bonding techniques known 
in the art. The type of substrate and bonding will vary depending on the particular end use 
application. An example of a laminate is shown in Fig. 4, wherein a nonwoven web 40 is 
laminated to a two-layer breathable film of the invention. In the embodiment shown, the web 
40, which can be a spunbonded web of polypropylene or polyethylene, is bonded to the 
voided film layer 32 of the multilayer fihn 30, which layer contains inorganic filler particles. 
The organic filler-containing layer 10 faces away from the nonwoven web 40. In one 
embodiment of a diaper, the organic filler-containing layer 10 can face inward toward the 
absorbent core while the nonwoven layer 40 would be exposed on the outside of the diaper. 
In still a fiirther embodiment and in reference to Fig. 5, the organic filler-containing layer is 
a heat seal layer, and is adjacent the nonwoven web 40. In either case, when the laminate is 
used as a diaper backing, the nonwoven web 40 will preferably face away fi-om the absorbent 
core of the diaper. 
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Referring again to Fig. 3, the film 10 may be laminated to nonwoven web 30 
immediately after the film is stretched and immediately following manufacture of the 
nonwoven web. The nonwoven web 30 can be a spunbonded web, a meltblown web, a 
bonded carded web, or combination thereof. The web can be formed by dispensing polymer 
filaments 50 from a pair of conventional spinnerettes 48, onto a conveyor assembly 52. The 
filaments 50 are deposited onto the conveyor to form mat 54. The filaments 50 of mat 54 
are then compressed to form inter-filament bonding using a pair of nip rollers 56, resulting 
in the spunbonded web 30. The spunbonded web 30 is then transported to the calender 
bonding rollers 58 and is thermally bonded to one side of the fibn 10. The fihn 10 in Fig. 3 
is simultaneously bonded on its other side to a second material 30a originating fiom a supply 
roll 62. The second material 30a may be a second nonwoven web, or another fibn layer. The 
resulting laminate 32 is wound and stored onto a supply roll 60. 

Other examples of laminates and end uses in which the self-regulating fibn 
may be useful are described in various patents and patent applications assigned to Kimberly- 
Clark Worldwide, Inc. These include without limitation U.S. Application Serial 
No. 08/359,986, filed 20 December 1994; U.S. Application Serial No. 08/755,692, filed 
25 November 1996; and U.S. Application Serial No. 08/777,365, filed 27 December 1996. 
These patent applications are incorporated herein by reference in their entirety. 

While the embodiments of the invention disclosed herein are presently 
considered preferred, various modifications and improvements can be made without 
departing from the spirit and scope of the invention. The scope of the invention is indicated 
by the appended claims, and all changes that fall within the meaning and range of 
equivalency are intended to be embraced therein. 
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WE CLAIM: 

1 . A breathable film having an MVTR of at least about 300 grams/m^-24 
hours, the film comprising a film-forming composition including: 

about 20-95% by weight of a matrix polymer; 

about 1-70% by weight of an organic particulate filler incompatible with the 
matrix polymer; and 

about 1-40% by weight of a compatibilizer; 

the organic particulate filler having a tendency to agglomerate in a medium 
containing only the organic filler and the matrix polymer, and 

the compatibilizer establishing thermodynamic equilibrium between the 
organic filler and matrix polymer such that the organic filler has a steady state mean particle 
diameter of about 0.1 -25 microns in the film-forming composition. 

2. The breathable fihn of Claim 1 , wherein the fikn-forming composition 

comprises: 

about 30-85% by weight of the matrix polymer; 
about 5-60% by weight of the organic filler; and 
about 3-20% by weight of the compatibilizer. 



3 . The breathable film of Claim 1 , wherein the fibn-forming composition 

comprises: 

about 40-75% by weight of the matrix polymer; 
about 10-50% by weight of the organic filler; and 
about 5-10% by weight of the compatibilizer. 



4. The breathable film of Claim 1 , wherein the organic filler has a steady 
state mean particle diameter of about 0.5-10 microns. 

5 . The breathable fihn of Claim 1 , wherein the organic filler has a steady 
state mean particle diameter of about 0,8-3 microns. 
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6. The breathable fihn of Claim 1 , wherein the matrix polymer comprises 
a material selected from the group consisting of polyethylene, polypropylene, copolymers 
of ethylene and C3-C12 alpha-olefms, copolymers of propylene with C2 and/or C4-C12 alpha- 
olefins, propylene-based polymers having atactic and isotactic groups, polyurethanes, 
copolyether esters, polyamide polyether block copolymers, ethylene methyl acrylate, 
ethylene ethyl acrylate, ethylene vinyl acetate, and combinations thereof. 

7. The breathable film of Claim 6, wherein the organic filler comprises 
a polystyrene-based material. 

8. The breathable film of Claim 7, wherein the compatibilizer comprises 
a multipolymer of styrene and one or more alpha-olefin monomers having 3-20 carbon 
atoms. 

9. The breathable film of Claim 8, wherein the compatibilizer comprises 
a multipolymer of styrene and one or more alpha-olefin monomers having 3-5 carbon atoms. 

1 0. The breathable film of Claim 9, wherein the compatibilizer comprises 
a multipolymer selected fi'om the group consisting of styrene-butadiene copolymers, styrene- 
ethylene butadiene terpolymers, styrene-ethylene butadiene-styrene terpolymers, styrene- 
ethylene copolymers, styrene-ethylene propylene terpolymers, styrene-styrene butadiene- 
butadiene-styrene butadiene-styrene multipolymers, hydrogenated derivatives thereof, and 
combinations thereof. 

1 1 . The breathable fihn of Claim 1 , having an MVTR of at least about 
1 200 grams/m2-24 hours. 

1 2. The breathable fihn of Claim 1, having an MVTR of at least about 
2000 grams/m^-24 hours. 
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13. A breathable film havmg an MXORofat least about 300 grams/m^-^^ 
hours, comprising: 

a first breathable layer including about 30-90% by weight of a first matrix 
polymer and about 10-70% by weight of an inorganic particulate filler; and 

a second breathable layer on a first side of the first breathable layer, including 
about 20-95% by weight of a second matrix polymer, about 1-70% by weight of an organic 
particulate filler incompatible with the second matrix polymer, and about 1-40% by weight 
of acompatibilizer. 

14. The breathable film of Claim 13, fiirther comprising a third breathable 
layer on a second side of the first breathable layer, including about 20-95% by weight of a 
third matrix polymer, about 1-70% by weight of an organic particulate filler incompatible 
with the third matrix polymer, and a compatibilizer. 

15. The breathable fihn of Claim 13, wherein the first and second matrix 
polymers each comprise a material selected fi-om the group consisting of polyethylene, 
polypropylene, copolymers with ethylene with C3-C12 alpha-olefins, copolymers of propylene 
with C2 and/or C4-C12 alpha-olefins, propylene-based polymers having atactic and isotactic 
groups, polyurethanes, copolyether esters, polyamide polyether block copolymers, ethylene 
methyl acrylate, ethylene ethyl acrylate, ethylene vinyl acetate, and combinations thereof. 

16. The breathable film of Claim 13, wherein the inorganic filler 
comprises a material selected firom the group consisting of calciimi carbonate, clays, silica, 
alumina, barium sulfate, sodium carbonate, talc, titanium dioxide, zeolites, aluminum sulfate, 
diatomaceous earth, magnesium sulfate, magnesium carbonate, kaolin, mica, carbon, calcium 
oxide, magnesium oxide, aluminum hydroxide, and combinations thereof. 
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17. The breathable film of Claim 13, wherein the organic filler comprises 
a material selected fi-om the group consisting of polystyrene, polyamides, polyvinyl alcohol, 
polyethylene oxide, polyethylene terephthalate, polybutylene terephthalate, polycarbonate, 
polytetrafluoroethylene, derivatives thereof, and combinations thereof 

18. The breathable fibn of Claim IS, wherein the organic filler comprises 
a polystyrene-based material. 

19. The breathable film of Claim 1 8, wherein the compatibilizer comprises 
a multipolymer of styrene and one or more alpha-olefin monomers having 3-20 carbon 
atoms. 

20. The breathable film of Claim 1 8, wherein the compatibilizer comprises 
a multipolymer of styrene and one or more alpha-olefin monomers having 3-5 carbon atoms. 

21. The breathable film of Claim 13, wherein the organic filler has a 
steady state mean particle diameter of about 0.5-10 microns. 

22. The breathable fibn of Claim 13, wherein the organic filler has a 
steady state mean particle diameter of about 0.8-3 microns. 

23. A breathable lammate, comprising: 
a nonwoven web; and 

a breathable film laminated to the nonwoven web; 

the fihn having a layer which includes about 20-95% by weight of a matrix 
polymer, about 1-70% by weight of an organic particulate filler incompatible with the matrix 
polymer, and about 1-40% of a compatibilizer. 
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24. The breathable laminate of Claim 23, wherein the nonwoven web 
comprises a material selected from a spunbonded web, a meltblown web, a bonded carded 
web, and combinations thereof. 



25. The breathable laminate of Claim 23, wherein the nonwoven web 
comprises a spunbonded web. 

26. The breathable laminate of Claim 23, wherein the nonwoven web 
comprises a polyolefin. 

27. The breathable laminate of Claim 23, wherein the matrix polymer 
comprises a polyolefm. 

28. The breathable laminate of Claim 23, wherein the organic particulate 
filler comprises polystyrene. 

29. The breathable laminate of Claim 27, wherein the organic particulate 
filler comprises polystyrene. 

30. The breathable laminate of Claim 28, wherein the compatibilizer 
comprises a styrene-alpha-olefm multipolymer. 

31. The breathable laminate of Claim 29, wherein the compatibilizer 
comprises a styrene-alpha-olefin multipolymer. 
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AMENDED CLAIMS 

[received by the International Bureau on 08 November 1999 (08.1 1.99); 
original claim 1 1 cancelled; original claims 1,13 and 23 amended; remaining claims 

unchanged (4 pages)] 

about 20-95% by weight of a matrix polymer; 

about 1-70% by weight of an organic paniculate filler incompatible with the 

matrix polymer; and 

about M0% by weight of a compatibilizcr, 

the organic paniculate filler having a tendency to agglomerate in a mediiun 
containing only the organic filler and the matrix polymer, and 

the compatibilizcr establishing thennodynamic equilibrium between the 
organic filler and mamx polymer such that the organic filler has a steady state mean particle 
diameter of about 0.1-25 microns in the film-forming composition; 

the breathable film having an MVTR of at least about 1200 grams/m^-24 

hours. 

2. The breathable film of Claim 1. wherein the film-foxming composition 

comprises: 

about 30-85% by weight of the matrix polymen 
about 5-60% by weight of the organic filler, and 
about 3-20% by weight of the compatibilizcr. 

3 . The breathable film of Claim I . wherein the film-forming composition 

comprises: 

about 40-75% by weight of the matrix polymer, 
about 10-50% by weight of the organic filler, and 
about 5-10% by weight of the compatibilizcr. 

4. The breathable film of Claim 1 , wherein the organic filler has a steady 
state mean panicle diameter of about 0.5-10 microns. 

5. The breathable film of Claim I . wherein the organic filler has a steady 
state mean panicle diameter of about 0.8-3 microns. 
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6. The breathable film of Claim 1 , wherein the matrix polymer comprises 
a material selected from the group consisting of polyethylene, polypropylene, copolymers 
of ethylene and C3-C12 alpha-olefins, copolymers of propylene with C, and/or C4-CJ2 alpha- 
olefins, propylene-based polymers having atactic and isotactic groups, polyurethanes, 
copolyether esters, polyamide polyether block copolymers, ethylene methyl acrylate, 
ethylene ethyl acrylate, ethylene vinyl acetate, and combinations thereof. 

7. The breathable film of Claim 6, wherein the organic filler comprises 
a polystyrene-based material. 

8. The breathable film of Claim 7, wherein the compatibilizer comprises 
a multipolymer of styrene and one or more alpha-olefin monomers having 3-20 carbon 
atoms. 

9. The breathable film of Claim 8, wherein the compatibilizer comprises 
a multipolymer of styrene and one or more alpha-olefin monomers having 3-5 carbon atoms. 

10- The breathable fihn of Claim 9, wherein the compatibilizer comprises 
a multipolymer selected firom the group consisting of styrene-butadiene copolymers, styrene- 
ethylene butadiene terpolymers, styrene-ethylene butadiene-styrene terpolymers, styrene- 
ethylene copolymers, styrene-ethylene propylene terpolymers, styrene-styrene butadiene- 
butadiene-styrene butadiene-styrene multipolymers, hydrogenated derivatives thereof, and 
combinations thereof. 

12. The breathable film of Claim 1, having an MVTR of at least about 
2000 grams/m^-24 hours. 
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13. A breathable film, comprising: 

a first breathable layer including about 30-90% by weight of a first matrix 
polymer and about 10-70% by weight of an inorganic particulate filler; and 

a second breathable layer on a first side of the first breathable layer, including 
about 20-95% by weight of a second matrix polymer, about 1-70% by weight of an organic 
particulate filler incompatible with the second matrix polymer, and about 1-40% by weight 
of a compatibilizer; 

the breathable film having an MVTR of at least about 1200 grams/m^-24 

hours. 

14. The breathable fihn of Claim 13, further comprising a third breathable 
layer on a second side of the first breathable layer, including about 20-95% by weight of a 
third matrix polymer, about 1-70% by weight of an organic particulate filler incompatible 
with the third matrix polymer, and a compatibilizer. 

1 5 . The breathable film of Claim 13, wherein the first and second matrix 
polymers each comprise a material selected from the group consisting of polyethylene, 
polypropylene, copolymers with ethylene with Cj-Cjj alpha-olefins, copolymers of propylene 
with Cj and/or C4-C,2 alpha-olefins, propylene-based polymers having atactic and isotactic 
groups, polyurethanes, copolyether esters, polyamide polyether block copolymers, ethylene 
methyl acrylate, ethylene ethyl acrylate, ethylene vinyl acetate, and combinations thereof 

16. The breathable film of Claim 13, wherein the inorganic filler 
comprises a material selected from the group consisting of calcium carbonate, clays, silica, 
alumina, barium sulfate, sodium carbonate, talc, titanium dioxide, zeolites, aluminum sulfate, 
diatomaceous earth, magnesium sulfate, magnesium carbonate, kaolin, mica, carbon, calcium 
oxide, magnesium oxide, aluminum hydroxide, and combinations thereof 



23 



wo 99/67095 



PCTAJS99/13044 



1 7. The breathable film of Claim 13, wherein the organic filler comprises 
a material selected fi-om the group consisting of polystyrene, polyamides, polyvinyl alcohol, 
polyethylene oxide, polyethylene terephthalate, polybutylene terephthalate, polycarbonate, 
polytetrafluoroethylene, derivatives thereof, and combinations thereof. 

1 8. The breathable film of Claim 15, wherein the organic filler comprises 
a polystyrene-based material. 

1 9. The breathable film of Claim 1 8, wherein the compatibilizer comprises 
a multipolymer of styrene and one or more alpha-olefin monomers having 3-20 carbon 
atoms. 

20. The breathable film of Claim 1 8, wherein the compatibilizer comprises 
a multipolymer of styrene and one or more alpha-olefin monomers having 3-5 carbon atoms. 

21. The breathable film of Claim 13, wherein the organic filler has a 
steady state mean particle diameter of about 0.5-10 microns. 

22. The breathable film of Claim 13, wherein the organic filler has a 
steady state mean particle diameter of about 0.8-3 microns. 

23. A breathable laminate, comprising: 
a nonwoven web; and 

a breathable film laminated to the nonwoven web; 

the film having an MVTR of at least about 1200 grams/m^-24 hours and a 
layer which includes about 20-95% by weight of a matrix polymer, about 1-70% by weight 
of an organic particulate filler incompatible with the matrix polymer, and about 1-40% of a 
compatibilizer. 
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AMENDMENT AND STATEMENT UNDER ARTICLE 19(1) 

Claims 1, 13 and 23 have been replaced with amended Claims 1, 13 and 23. 
Claim 1 1 has been deleted. Claims 2-10, 12, 14-22 and 24-31 are unchanged in text, but 
changed in scope due to their dependence on amended Claims 1,13 and 23. 
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